Introduction
Concrete which is the most widely used construction material is composed of cement, water, fine and coarse aggregates.
Two main objectives of hardened concrete tests are control of quality and compliance with specifications [1] . Concrete cube strength test is one of the major tests carried out on concrete before it can be used effectively. Also concrete grades are usually specified in standard construction work.
Basically, the problem of designing a concrete mix consists of selecting the correct proportions of cement, fine and coarse aggregates and water to produce concrete having the specified properties [2] . Various methods have been developed in order to achieve the desired properties of concrete cube strength. These methods are time, money and energy consuming.
To minimize some of these limitations an optimization procedure has been proposed. It is a process that seeks for the maximum or minimum value of a function of several variables while at the same time, satisfying a number of other requirements [3] . In this paper, a mathematical model using simplex method is formulated for the optimisation of concrete cube strength.
II. Methodology
The main materials used in the work are cement, fine and coarse aggregates and water. Eagle cement, a brand of Ordinary Portland Cement, conforming to British Standard [4] was used in the test.
The fine aggregate used in the work was river sand free from deleterious matters such as dirts, clay and organic matters. The fine aggregate falls into zone 3 of the grading curve.
The coarse aggregate was normal weight, irregular shaped coarse aggregate with a maximum size of 20mm. Both the fine and coarse aggregate were hard and durable, and conform to the specifications of British Standard [5] .
Portable drinking water was used for the production of the concrete specimen tested. Scheffe"s simplex method was used in the optimisation of concrete mix design.
Formulation of optimisation model based on Scheffe's simplex theory
A simplex lattice is described as a structural representation of lines joining the atoms of a mixture .The atoms are constituent components of the mixture. For a normal concrete mixture, the constituent elements are water, cement, fine and coarse aggregates. And so it gives a simplex of a mixture of four components. Hence the simplex lattice of this four-component mixture is a three-dimensional solid equilateral tetrahedron. Mixture components are subject to the constraint that the sum of all the components must be equal to one [6] . In order words:
Where q is the number of components of a mixture X i is the proportion of the ith component in the mixture. The (q,n) simplex lattice design introduced by Scheffe in 1958 [6] , are characterized by the symmetric arrangements of points within the experimental region and a well chosen polynomial equation to represent the response surface over the entire simplex region. The response represents the property studied, namely, the concrete cube strength. The polynomial is obtained by using the restriction given by "equation (1)" or "equation (2)".
A polynomial function of degree n in the q variables X 1 , X 2 , X 3 , ………, X q is given in form of y = b o + ∑b i X i + ∑b ij X i X j + ∑b ijk X i X j X k + ∑bi 1 i 2 ……i n Xi 1 Xi 2 ……Xi n (3) where (1≤i≤q, 1≤i≤j≤q, 1≤i≤j≤k≤q, i≤i 1 ≤i 2 ≤ ……..≤i n ≤q respectively) and b =constant coefficients In general, the reduced form of "equation (3)" is in the form of "equation (4) (1)" successively by X 1 , X 2 , X 3 , and X 4 and rearranging gives "equation (6)"
Substituting "equations (5) and (6)" into "equation (4)" and simplifying yields "equation (7)" Y = α 1 X 1 + α 2 X 2 + α 3 X 3 + α 4 X 4 + α 12 X 1 X 2 + α 13 X 1 X 3 + α 14 X 1 X 4 + α 23 X 2 X 3 + α 24 X 2 X 4 + α 34 X 3 X 4 (7) Where the coefficients, α 1 and α 34 are defined in general as follows: Substituting the values of X 1 , X 2 , X 3 , and X 4 at the ith point (i.e. any of the vertices of the lattice) into "equation (10)" gives the following general equation.
For example, at point one, the value of X 1 =1 while the values of X 2 , X 3 and X 4 are equal to zero because ∑X = 0. Substituting the values of X 1 , X 2 , X 3 , and X 4 into "equation (10)" gives y 1 = α 1 (12b) Substituting the values of X 1 , X 2 , X 3 , and X 4 at the point ij (that is at the mid point of the borderline connecting points i and j) of the lattice, into "equation (11)" yields: y ij =½ α i + ½ α j + ¼ α ij (13a) For point 12, that is at the midpoint of the borderlines connecting points 1 and 2 of the lattice, the values of X 1 = X 2 = ½ while the values of X 3 , and X 4 are equal to zero because ∑ X i =1. Substituting the values of X 1 , X 2 , X 3 , and X 4 into "equation (11) 
III. Components transformation
It is impossible to use the normal mix ratios such as 1:2:4 or 1:3:6 at given water /cement ratio because of the requirement of the simplex that sum of all the components must be one. Hence it is necessary to carry out a transformation from actual to pseudo components. The actual components represent the proportion of the ingredients while the pseudo components represent the proportion of the components of the ith component in the mixture i.e. X 1 , X 2 , X 3 , X 4 . Considering the four-component mixture tetrahedron simplex lattice, let the vertices of this tetrahedron (principal coordinates) be described by A 1 (22) and (23)" the actual components Z were determined and presented in Table  1 . If there is need to use bulk volume in the mix design, one has to carry out components transformation as stated above using equations "(22) and (23)". It is worthy of note here that the equation derived has no need of the value of the specific gravity. 
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Experimental method
The actual components as transformed from "equation (5)" and (Table 1) were used to measure out the quantities water (Z 1 ), cement (Z 2 ), sand (Z 3 ), and coarse aggregates (Z 4 ) in their respective ratios for the concrete cube strength test. For instance, the actual ratio for the test number 20 means that the concrete mix ratio is 1: 2.5: 5.3 at 0.5 free water/cement ratio. A total of 20 mix ratios were used to produce 40 prototype concrete cubes measuring 150mm x 150mm x 150mm that were cured and tested on the 28 th day. Ten out of 20 mix ratios were used as control mix ratios to produce 20 cubes for the confirmation of the adequacy of the mixture design model given by "equation (21)". The cubes were then tested for concrete cube strength using the universal testing machine. The load under which the cube specimen failed was recorded and used to compute the strength of the concrete cubes.
IV. Results and analysis
The test result of the concrete cube strength (Y i ) based on day 28-day strength, is presented as part of ( Table 2 ). The concrete cube strength was obtained from the following equation: f cu = P/A (24) where f cu is the concrete cube strength in Mega Pascals (MPa) or Newtons per millimeters squared (Nmm -2 ). P = failure load in Newtons (N). A = nominal cross-sectional area in millimetres squared (Nmm -2 ). The values of the mean of responses, Y and the variances of replicates S i 2 presented in columns 5 and 8 of (Table 2) were gotten from the following "equations (25) 
Determination of the optimisation model based on Scheffe's theory
Using "equation (31)" and (Table 2) , the coefficients of the second degree polynomial were determined as follows: 
Test of the adequacy of the model
The model equation was tested for adequacy against the controlled experimental results. The statistical hypothesis for this mathematical model is as follows:
Null Hypothesis (H 0 ): There is no significant difference between the experimental and the theoretically expected results at an α-level of 0.5. Alternative Hypothesis (H 1 ): There is a significant difference between the experimental and theoretically expected results at an α-level of 0.05. The student"s t-test and fisher test statistics were used for this test. The expected values (Y predicted ) for the test control points were obtained by substituting the values of X 1 from (Table 1) into the model equation ie "equation (32)". These values were compared with the experimental result (Y observed ) given in (Table 2 ).
Student's t-test
For this test, the parameters ∆ y , Є and t are evaluated using the following equations respectively
(35) where Є is the estimated standard deviation or error, t is the t-statistics, n is the number of parallel observations at every point S y is the replication error a i and a ij are coefficients while i and j are pure components a i = X i (2X i Although the statistical tests were done for the same material (concrete), the grades are different because they were produced from different mixes obtained from the simplex analysis. However, if there were errors in the method used, the statistical tests will not agree to the acceptance of the model.
Comparison of results
The results obtained from the model were compared with those obtained from the experiment, as presented in Table 5 A comparison of the predicted results with the experimental results shows that the percentage difference ranges from a minimum of 0.26% to a maximum of 6.52%, which is insignificant.
V. Conclusion / recommendation
(1) Scheffe"s simplex method has been applied and used successfully to develop mathematical model for optimisation of concrete cube strength. However, the model applies to concrete of materials stated earlier.
Interested researchers can learn the method and apply it to develop models for cube strength of concrete of different materials and sources. (2) Concrete cube strength is a function of the proportions of the ingredients (cement, water, sand and coarse aggregate) of the concrete.
(3) The student"s t-test and the fisher test used in the statistical hypothesis showed that the model developed is adequate. Although the statistical tests were done for the same material (concrete), the grades are different because they were produced from different mixes obtained from the simplex analysis. However, if there were errors in the method used, the statistical tests will not agree to the acceptance of the model. (4) The maximum concrete cube strength with the model is 31.71Nmm -2 (5) Since the maximum percentage difference between the experimental result and the predicted result is insignificant (i.e. 6.52), the optimisation model will yield accurate values of concrete cube strength if given the mix proportions and vice versa.
